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ABSTRACT 
A soil saprophytic 'bacterium was isolated from tomato tissue and 
selected for its ability to inhibit Erwinia carotovora var. carotovora 
in vitro. This isolate, designated MIT, was identified as a 
Pseudomonas putida by its morphology and various biochemical tests. 
Experiments using other indicator organisms demonstrated that 
inhibition due to MIT was widespread. Many bacteria, several plant 
pathogenic fungi, and a species of yeast were shown to be sensitive to 
the antibiotic. The antibiotic was produced abundantly in solid media, 
but in extremely small quantities in liquid culture. No induction of 
antibiotic production occurred when ultraviolet irradiation and 
mitomycin C treatment were used. Antibiotic production in solid media 
was shown to be strongly influenced by media type, media pH, and 
temperature of incubation. The antibiotic was obtained in liquid form 
by solvent extraction of solid media on which MIT had been grown. The 
activity of the antiobiotic was not affected by the proteolytic enzymes 
pronase and trypsin, by heating for 1 h at 100 C, or by treatment with 
1 N HCl or 1 N NaOH. Antibiotic activity was totally lost in samples 
which were dialyzed, indicating a molecular weight of less than 8,000. 
The MIT antibiotic was shown to be distinct from the antibiotic 
pyrrolnitrin, produced by other Pseudomonas species. 
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CHAPTER I 
INTRODUCTION 
Inoculation of seed, tubers, or roots with saprophytic micro¬ 
organisms has potential as a method for controlling various plant 
pathogens. The effectiveness of this technique relies on the ability 
of the saprophyte to successfully compete with the pathogen for 
available substrates and/or to produce metabolites inhibitory to the 
pathogen. 
* 
The soil saprophytic bacterium Pseudomonas putida has long been 
known to inhibit other microorganisms ijn vitro and therefore has 
possibilities as a biological control agent. Unfortunately, even 
microorganisms which display antagonism toward fungi and bacteria in 
vitro are often failures in the field, and can even cause reductions 
in stand and yield. £. putida does not seem to have these drawbacks, 
as shown by field studies where plants have benefited from inoculation 
of seed or roots with this bacterium. 
Antibiotic production has been shown to be at least in part 
responsible for the disease control observed when seeds are inoculated 
with certain bacteria and may well be the major factor contributing 
to the success of T. putida in biological control studies. Since the 
P. putida antibiotic has not been characterized or isolated, this 
research was undertaken with these objectives in mind: l) to determine 
the conditions in solid and liquid media which maximize antibiotic 
production; 2) to deteraiine the bio-spectrum of the antibiotic 
produced by an isolate of P. putida using various bacterial and fungal 
1 
species; 3) to determine the possible inducihility of antibiotic 
production; to characterize the antibiotic as to solubility, 
stability, and approximate size; and 5) to isolate and partially 
purify the antibiotic. 
CHAPTER II 
LITERATURE REVIEW 
Pseudomonas putida (Trevisan) Migula is a saprophytic bacteriiim 
which can be isolated from both soil and water (lO). This organism is 
not known to initiate any diseases in plants, with the possible 
exception of suffocation disease of rice (TO), but is significant 
because of its ability to inhibit numerous microorganisms. In vitro 
inhibition of bacteria by putida was first observed by Garre in 
188T (22), and was confirmed in later studies by Lewek (37) and Frost 
(21). Other pseudomonads, including the closely related species 
fluorescens, have also been shown to produce inhibitory substances (3, 
13, 21, 1+T, 63, 68). 
The ability of Pseudomonas species to inhibit other micro¬ 
organisms, as well as the natural predominance of pseudomonads in the 
root zone of many plants (31, 52), has made them frequent choices in 
the study of biological control of plant pathogens (5, 8, 11, 1^, 28, 
30, 34, 42, 46, 49, 50, 53, 54, 56, 60, 61, 62, 69). Teliz-Ortiz and 
Burkholder (61) reported that P. fluorescens isolates, which produced 
antibiotic substances, decreased infection by £. phaseolicola on Red 
Kidney bean. Two week old plants were inoculated with the bacteria by 
either rubbing or spraying the leaves, or by inserting a toothpick with 
the bacteria on the tip between the cotyledons. Control was seen when 
P. fluorescens was inoculated with or prior to phaseolicola. The 
P. fluorescens antibiotic was effective on a wide range of phyto- 
pathogenic bacteria vitro, however the type of mediiim used in the 
3 
k 
tests severely altered the results obtained. No inhibition was 
observed when the assay was made on nutrient agar. Syringomycin, an 
antibiotic produced by jP. syringae, has a similar dependence on media 
type and composition for its production ’(57), as do antibiotics of 
other microorganisms (5I). The antibiotic substance produced by T. 
fluorescens was also shown to be transported upwards through the plant, 
affording some systemic protection to newly emerging growth. The 
translocation of antibiotics into various plant parts has been noted by 
other authors, and there are indications that certain plants may store 
antibiotics beyond the time that more exogenous antibiotic is supplied 
(6, 15, 53). 
Howell and Stipanovic (30) showed that inoculation of cotton seeds 
with an isolate of fluorescens controlled infection by the phyto- 
pathogenic fungus Rhizoctonia solani in infested soil. These authors, 
noting the vitro antagonism exhibited by their P. fluorescens 
isolate against solani, proceeded to isolate an antibiotic from 
their culture. The antibiotic which they were able to isolate, 
pyrrolnitrin, was first reported by Arima et al. (l) from £. 
pyrrocinia, and has since been isolated from other Pseudomonas species 
(20, 2U). Treatment of cotton seeds with purified pyrrolnitrin, in 
place of the antibiotic producing P. fluorescens isolate, was as 
beneficial as treatment with T. fluorescens (30). 
Results of work done with T. putida have paralleled the successful 
results seen with P. fluorescens. Broadbent et al. (8) tested a 
variety of bacteria and actinomycetes isolated from soil for their 
5 
ability to inhibit known fungal root pathogens. putida and T. 
fluorescens were among the antagonists isolated, and it was noted that 
the Pseudomonas isolates which were inhibitory to the fungi in agar 
commonly caused wide spectrum inhibition of fungi as well Bacillus 
species. Wu et al. (69) reported that among the bacteria they isolated 
from soil, only T. putida and subtilis were strongly antagonistic 
to Fusarium oxySporum and solani. Although the work of Broadbent 
et al. (8) and Wu et al. (69) seems to implicate putida as an 
antagonist, Harahulya et al. (25) has reported that putida has no 
antifungal properties against representatives of 1^ major genera of 
fungi. 
Burr, Schroth and Suslow (ll) used both P. fluorescens and P. 
putida to increase plant growth and yield. These bacteria were 
selected for their ability to inhibit Erwinia carotovora var. 
carotovora in' vitro. The effect of treating potato seedpieces with 
suspensions of these bacteria was examined in unsterilized soils in 
the greenhouse and in field plots. Greenhouse tests showed an increase 
of 21 to 36T/^ in the average fresh weight of roots and shoots of 
potato plants grown from seedpieces inoculated with T. putida. 
Although field tests gave far less dramatic results, the data did 
parallel those obtained in the greenhouse trials with as much as a 
statistically significant 11^ increase in yield. 
It was later reported that 1 to of the rhizosphere bacteria 
isolated from potato and sugarbeet were capable of promoting plant 
growth (60). These bacteria, designated as plant-growth-promoting 
6 
rhizobacteria, were shown to belong mostly to the P. fluorescens and 
£utida groups. Subsequent in vitro tests revealed that these 
bacteria exhibited antibiosis against a wide spectrum of micro¬ 
organisms, Most striking of their field results were those obtained 
from treating radish seed, where they observed significant increases 
of 60 to lhh% in root weight in 7 out of 7 trials. 
However, successful results obtained from pretreatment of seeds 
and seedpieces with antibiotic producing saprophytes do not prove that 
the antibiotic produced is responsible for the enhancement of plant 
growth or prevention of disease. In fact, pseudomonads have been 
occasionally reported to inhibit plant growth (3) and to stimulate 
sporangium production in certain fungi (2, 39). Bacteria which are 
antagonists may also be detrimental to the plant if they inhibit other¬ 
wise beneficial organisms which are normal residents of the seed coat 
of the plant being treated (36), 
Plant growth can be stimulated by factors other than the 
inhibition of possible pathogens. Production of compounds such as 
auxins and gibberellins, transformation of unavailable mineral and 
organic compounds into forms available to plants, nitrogen fixation, 
and possibly competition between saprophyte and pathogen are all ways 
in which bacteria can enhance plant growth (3, 7). Although 
pseudomonads do not fix nitrogen (lO), certain species are capable of 
decomposing organic phosphorous compounds which results in increased 
phosphate uptake by plants (33, hk). Some pseudomonads have also been 
shown to produce promoters and gibberellin-like substances (9, 19, 32). 
T 
However, when Suslow et al. (6o) inoculated radish seeds with a 
Pseudomonas species and allowed plant growth in sterile soil, they 
found no significant increase or decrease in plant growth and yield 
as compared with controls. This would indicate that " the effects of 
plant-growth-promoting rhizobacteria are due to interactions with 
microflora on roots" when plants are grown in unsterile soil. 
Many saprophytes which have been tested as possible biological 
control agents, were originally selected for their ability to inhibit 
phytopathogenic fungi and/or bacteria in vitro (8, 12, 23, 36, 4l, 45, 
56). The evidence which most strongly suggests that antibiotic 
< 
production is responsible, at least in part, for the successes which 
have been seen with some of these organisms vivo, is the data 
obtained from treatment of seeds, seedpieces, or soil with the 
purified antibiotics. This type of evidence was provided for the 
antibiotic produced by P. fluorescens once the antibiotic was obtained 
in pure form (30). 
Antibiotics and bacteriocins (a class of antibiotics) have been 
isolated from other microorganisms by researchers who have demonstrated 
that variations in media, media pH, and environmental conditions can 
strongly influence the amounts of antibiotic produced (27, 57, 67). 
Although some antibiotics and bacteriocins are produced in high 
quantities, it has often been found necessary to induce their produc¬ 
tion by treatment of cultures with mitomycin C or ultraviolet 
irradiation (I8, 38, 67). Numerous techniques can be used in the 
isolation and characterization of antibiotics and bacteriocins, many 
8 
of which are described in the review article by Mayr-Harting et al. 
(i+O) and a volume on antibiotics edited by Hash (26). 
To date no attempts have been made to isolate the antibiotic sub¬ 
stance from any P. putida isolate. Clearly, information on the 
antibiotic produced by P. putida MIT would increase our understanding 
of the role of P. putida in biological control, as well as to allow 
for maximization of any beneficial effects that the antibiotic itself 
may have to offer. 
CHAPTER III 
MATERIALS AND METHODS 
Microorganisms and Culture Conditions 
Bacterial strains. Pseudomonas putida MlT^ the focus of this research, 
vas isolated from over-ripe tomato tissue hy Richard ^tytkowicz in the 
laboratory of M. S. Mount, University of Massachusetts Department of 
Plant Pathology. This strain was selected for its ability to inhibit 
Erwinia carotovora var. carotovora (isolate EClU) in vitro. A mutant 
of MIT, MIT^, which does not inhibit ECl^ was obtained from Patrick D. 
Colyer, University of Massachusetts Department of Plant Pathology. 
This strain was isolated from a nitrosoguanidine mutagenized culture 
of MlT. MIT and MlT^ were maintained on nutrient agar (NA, Difco) at 
30 C. 
Rhizobium meliloti, R. phaseoli, and amylovora were grown and 
stored on yeast mannitol agar (YMA; 0.05^ K^HPOj^; 0,02% MgSOi^'TH^O; 
0.01^ NaCl; 1.0^ mannitol; O.Okio Difco yeast extract; 1.5^ agar). 
The Bacillus subtilis and Salmonella typhimurium strains were 
obtained already inoculated into Luria broth (LB: 0,^% Difco yeast 
extract;-1.0^ Difco tryptone; 1.0^ NaCl; pH T.O) and were grown at 
26 to 2T C until they were used. 
All other bacterial cultures were maintained on 1.5^ agar slants 
of LB amended with 0.05^ casein hydrolyzate (iCN Pharmaceuticals) and 
incubated at 30.C. 
A complete listing of all the bacteria used during the course of 
9 
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this study, including the source from which each strain was originally 
obtained and its potential to cause plant disease, is presented in 
Table 1. 
Fungal and yeast strains. All the fungi and yeast used (Table 2) as 
indicators in tests of putida MIT were provided by W, J.' Manning, 
University of Massachusetts Department of Plant Pathology and were 
maintained at 2k C on potato dextrose agar (PDA, Difco) and NA, 
respectively. 
Identification of P. putida MIT 
Biochemical tests. £. putida was identified by means of various 
biochemical tests. 
The first test done was a Gram stain on a heat fixed 2h h culture 
of putida MIT (). 
The culture was also applied to an API 20E System (Analytab 
Products) which determines biochemical characteristics which aid in 
identification of pseudomonads and enterobacteria. 
Fluorescence by isolate MIT was determined by growing the culture 
on Difco Pseudomonas agar F at 30 C and observing it under long and 
short wavelength ultraviolet light after 24, 36, and 48 h incubation 
(35). 
To determine the most suitable growing conditions for MlT, as 
well as to distinguish it from certain species of fluorescent 
pseudomonads (59), growth was tested at 24, 30, 35, and 42 C with the 
bacterium growing on LA (LB plus 1,5^ agar). 
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Table 2. Fungal and yeast strains used as indicators for biospectrum 
testing of P. putida MIT. 
Organism Strain Source 
Alternaria solani WJM^ (8i|) W, .J. Man] 
Fusarium oxysporum JPD^ 
M 
Geotrichum candidum CBS^ 156035 
11 
Glomerella singUlata 
(imperfect stage) TRB-CWM 
It 
Penicillium notatum CBS 156155 
II 
Phytopthora cinnamomi CBS 156197 
11 
Pythium ultimum ATCC® 26083 
II 
Rhizoctonia solani WJM (^0) 
II 
Sclerotinia sclerotiorum WJM (360) 
II 
Saccharomyces cerevisiae CBS 156250 
II 
a - W. J. Manning, University of Massachusetts Department of Plant 
Pathology 
b - J. P. Damicone, University of Massachusetts Department of Plant 
Pathology 
c - Carolina Biological Supply 
d - T. ,R. Bardinelli,:C.:W. McCarthy, University of Massachusetts 
Department of Plant Pathology. 
e - American Type Culture Collection 
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Pectic enzyme production was tested by growing putida lilT on 
NA containing 1.0^ sodium polypectate (Sigma) and 0^0^% casein 
hydrolysate (l6). Plates were incubated for 2k h at 30 C after which 
time they were flooded with an aqueous solution of 1.0^ hexadecyl- 
ammonium bromide (Eastman). After standing for 10 min at room 
temperature, the plates were rinsed gently with water and observed for 
clear zones indicative of polysaccharide degradation. 
Growth curve of P. putida MIT. A growth curve of MIT was obtained 
using the method described by Miller (^3). The culture was grown at 
30 C in LB and optical density was monitored at 550 nm in a spectro¬ 
photometer. Optical density readings were done in approximately 10 min 
intervals, and viable cell counts were obtained every 20 min. 
Pathogenicity on potato. It was necessary to determine whether isolate 
MlT was pathogenic on potato not only to help in identification of 
MIT, but also to insure that the isolate could be used in biological 
control studies. 
Healthy young potato tubers (obtained commercially) were surface 
sterilized for 15 min in absolute ethanol. A pyramid shaped plug was 
removed aseptically from each potato and a drop of culture was placed 
> 
into the wound. Control tubers were inoculated with a drop of E. 
carotovora var. carotovora ECl4, the causal agent of soft rot of 
potato, or sterile distilled water. The plugs were replaced, the 
wounds sealed with petroleum jelly, and each potato was individually 
wrapped in plastic wrap to stimulate anaerobic conditions. Potatoes 
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were examined after 3 and 6 days incubation at room temperature. 
Thirty-nine day old greenhouse grown potato plants (obtained 
commercially) were inoculated using a syringe with an l8 gauge needle. 
Each plant was inoculated at 3 sites: in a leaf axil; into the stem, 
at least 30 cm from the soil line; and into the stem near the soil 
line. Each inoculation was made into a different shoot of the same 
plant. Controls were inoculated with isolate ECl^^ or sterile distilled 
water. Plants were placed into a modified incubator containing five 
15 Watt Agro-lites (Westinghouse) set on a 12 h photoperiod. The 
incubation temperature was kept constant at 2h C, and plants were 
observed for symptoms after 3 days. 
Electron microscopy. Twenty-seven hour old cultures of T, putida MIT, 
which had been grown on LA at 30 C, were washed from the plate surface 
with sterile distilled water, diluted, and applied to formvar-coated 
copper grids. Liquid cultures which were grown for I8, 2k, or 27 h in 
LB at 2U C were also applied to grids. Grids were stained with 
ammonium molybdate or phosphotungstic acid and examined with a Zeiss 
EM9S-2 electron microscope. All electron microscopy work was performed 
by Robyn Rufner, Massachusetts Agricultural Experiment Station Electron 
Microscopy Laboratory. 
Final identification. All information obtained on-^. putida MIT was 
sent to N.:J. Palleroni (Hoffmann-LaRoche Inc., New Jersey) for final 
positive identification. 
IT 
Antibiotic Production 
Production in solid media. 
Testing procedure♦ Antibiotic production in solid medium was 
screened using a modification of the technique outlined by Vidaver et 
al. (6t). a bottom layer of'25 ml of solid medium (medium plus 1.5^ 
agar) in a 100 x T5 mm petri plate was spotted in the center with a 
drop from an overnight culture of the bacterial strain to be tested 
for antibiotic production. The plates were incubated for U8 h at 24 C 
after which time they were exposed to chloroform vapor for 1 h to kill 
the test bacteria. Cloroforming the plates consisted of inverting the 
bottom of each plate over a glass petri plate containing a chloroform 
saturated 5.5 cm round_Whatman j^l filter paper (4). Plates were then 
left standing for at least h under a sterile hood to allow excess 
chloroform vapors to dissipate. One-tenth of 1 ml of an overnight cul¬ 
ture of indicator bacteria was then added to tubes of 3.0 ml soft agar 
(0.5^ water agar) after the agar had been molten and then cooled to 
approximately 43 to 50 C. No more than 3 or 4 tubes were inoculated 
with indicator culture at one time, since prolonged exposure to such 
high temperatures decreased the survival rate of the bacteria. The 
inoculated soft agar was then poured over the chloroformed test strain 
and the plates were incubated for 24 h at 30 C. Inhibition was 
measured from the edge of the test colony to where the indicator lawn 
began (Fig. l). Only clear zones of inhibition containing no 
indicator growth were measured unless otherwise noted. 
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Lawn of indicator 
growth 
Test colony 
Inhibition zone 
Fig. 1. Diagramatic 
solid media and procedure 
representation of bacterial inhibition in 
used in determining inhibition zone size. 
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Effect of media type on antibiotic production. Different solid 
media were tested to see what effect they had on antibiotic production 
by putida MIT. Media tested as bottom layer media were: NA; 
nutrient broth plus 1,5^ agar (NBA, Difco);corn meal agar (CMA, Difco); 
lima bean agar (LBA, Difco); desoxycholate lactose agar (DLA, Difco); 
LA; Nutrient broth yeast extract agar (NBY: 0,8% Difco nutrient broth; 
0.2% Difco yeast extract; 0.2^ K^HPOi^; 0.05^ KH^POj^; 0.025^ MgSO^^TH^O; 
0.5^ glucose; glucose and MgSO^^^TH^O were prepared and sterilized 
separately and added aseptically to the rest of the media after auto¬ 
claving); Minimal salts-6.5^ glucose agar (mSG-0.5: 0.15^ KH^POj^; 
0.715^ Na^HPO^; 0.3^ (NH^)2S0^; 0.02^ MgSO^^-TH^O; 0.5% glucose; 
glucose and MgSOi^'TH^O were prepared and sterilized separately and 
added aseptically to the rest of the media after autoclaving); MSG-1.0 
(Minimal salts as above with 1.0^ glucose); Minimal salts- 0.5% 
glycerol agar (NBy-0.5: Minimal salts as above with 0.5^ glycerol); 
and MSY-1.0 (Minimal salts as above with 1.0^ glycerol). All of these 
media were tested with the addition of 0, 0,0.8, or 1.2^ technical 
casamino acids (CAt, Difco), since it has been reported that casamino 
acids (CA) can influence the antibiotic producing ability of other 
pseudomonads (57). The tests with these media were carried out as 
described above except that the initial incubation period was 72 
rather than h. carotovora var. carotovora EClU was the 
indicator organism used in the initial search for an antibiotic 
producing bacterium, and so was used as the indicator in the experi¬ 
ment above, as well as in most other inhibition experiments. 
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Of the media tested, NA with the addition of some CA seemed most 
suitable as the bottom layer in tests for P. putida M17 antibiotic 
production. To establish the best concentration of CA to use, NA 
plus 0,05, 0,1, 0,2, 0,3, 0,i|, 0,5, and 0,6^ CAt were used as bottom 
layer media with ECl^ as indicator. This experiment was repeated using 
regular casamino acids (CAr, Difco) utilizing carotovora var, 
carotovora EC311 as the indicator and MIT as the control. 
Because fungi would eventually be tested for sensitivity to the 
antibiotic produced by P. putida MIT, it was necessary to find a medium 
which allowed both favorable conditions for antibiotic production and 
for fungal growth, PDA, PDA plus 0,h% CAt (PDCA), Czapek solution 
agar (CZA, Difco), and CZA plus 0,h% CAt (CZCA) were used as bottom 
layer media in tests to determine which would be most suitable in 
fungal inhibition studies. 
Regular CA and CAt differ in that CAr has more total nitrogen 
than CAt, and less sodium chloride and ash (IT), CAt also lacks the 
P0|^ and iron found in CAr, To determine if these differences cause 
any change in zone production, NA plus 0,i| and 0,5^ CAt, 0,4 and 0,3% 
CAr, and 0,3% CAr plus 0,1^ NaCl were run in comparative tests as 
bottom layer medium, with ECl4, EC311, and MIT as indicators. 
In the original media experiment a slight difference was observed 
f 
in the size of the inhibition zone when MIT was grown on NA and NBA, 
> 
so these two media were retested with 0,4^ CAt, 
Additions of various compounds to NA plus 0,4^ CA (NCA) were 
thought to possibly affect antibiotic production positively. 
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FeSO^^.TH^O was tested as an amendment at 0,1, 0.5, and 1,0^. Ethylene- 
diaminetetraacetic acid, disodium salt (EDTA, Sigma), a chelator of 
ions, was added to a final molar concentration of 1.0, 0.5, 0.01, and 
0,001, The addition of 0.5^ glucose or glycerol to the medium was also 
tested. 
Other slight modifications of the "basic NCA medium which were 
tried were: regular vs. purified agar (Difco); deionized vs. non- 
deionized distilled water; and phosphate buffer ( 0.01 M, pH 6.0) vs. 
distilled water. 
Tryptophan is known to increase production of the antibiotic 
pyrrolnitrin by pseudomonads (20, 2^+) and it was considered that it 
might have the same affect on antibiotic production in T. putida MIT. 
L-tryptophan (O.l^) and D-tryptophan (O.l and 0,2%) were added to NBA 
and tested as bottom layer agar. Other amino acids were tested in 
pool plates containing a final concentration of 0.05^ of the following 
amino acids together: L-proline, L-phenylalanine, and L-tyrosine; 
L-alanine, DL-valine, L-leucine, and DL-isoleucine; L-methionine and 
L-cysteine; glycine, DL-serine, and L-threonine; L-asparagine and 
L-glutamine; DL-aspartic acid and L-glutamic acid; and L-lysine, 
L-arginine, and L-histidine. The methionine/cysteine pool plate 
showed some potential and so these two amino acids were tested 
> 
separately at a final concentration of 0.02, 0.05,.and 0.1^. 
Effect of media pH on antibiotic production. NB plus O.U^ CAt 
(NBCt) in separate flasks was brought to pH values 5.0 to 9.0 in'0.5 
increments by the addition of HCl or NaOH, as necessary. The pH of 
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unmodified NBCt was shown to be approximately 6.5. Agar (1.5^) was 
added to each of the flasks, which were then autoclaved, their contents 
poured into petri plates, and used as bottom layer media. 
Effect of agar concentration on antibiotic production. The bottom 
layer media was tested at agar concentrations of 0.5, 0.7, 1.5, and 
2.0^ to determine whether this influenced the size of zones of 
inhibition due to the putida MI7 antibiotiCi 
Effect of length of incubation on antibiotic production. The 
length of time which the test colony was allowed to incubate before 
being killed by chloroform would be expected to influence the final 
amount of antibiotic which it was able to produce. Plates containing 
M plus 0.4^ CAt (NCAt) were spotted at 24 h intervals with a drop from 
an overnight culture of M17. These plates were incubated together and 
chloroformed simultaneously so that one set of plates had a 72 h 
colony, one a 48 h colony, and one a 24 h colony. All plates were 
overlayed in the usual manner. 
Effect of incubation temperature on antibiotic production. The 
temperature at which plates are incubated after being spotted, may 
severely alter the ability of the strain being tested to produce 
t 
antibiotic. In order to see what effect incubation temperature would 
have on antibiotic production by T. putida M17, LA plates were 
incubated at 24, 30, and approximately '35 C after inoculation. After 
incubation, plates were tested by the soft agar overlay method as 
outlined previously. 
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Production in liquid media. 
Testing procedure. A variation of the critical dilution method 
outlined by Mayr-Harting et al. (^O) was used for testing the 
antibiotic produced by putida MIT when grown in liquid media. Cells 
were removed from liquid cultures by centrifugation and the supernatant 
fluid was then sterilized. Chloroform and filter sterilization of 
samples were both used in most experiments. It was suggested that 
0.22 or 0,k3 urn Millex-GS filters (Millipore Corp.) might adsorb 
antibiotic present in the samples (C. B. Thorne, personal communica¬ 
tion), so 0.2 or ;0,i+ urn uni-pore polycarbonate membrane filters 
(Bio-Rad Laboratories) were used instead. Results showed no differ¬ 
ences between these filter types, therefore they were used inter¬ 
changeably throughout the experimentation. A uniform volume of sterile 
culture filtrate was placed onto the surface of a freshly seeded plate. 
Plates were seeded just like the second layer in solid media production 
testing, unless otherwise noted, except that the bottom layer had not 
been previously inoculated. Plates were allowed to harden once the 
seed layer had been po\ired, but were spotted with sample as soon 
thereafter as possible. After overnight incubation at 30 C, plates 
were observed for inhibition, seen as a clear area in the lawn of 
indicator growth where the spot had been placed. Any sample giving a 
> 
positive test was diluted in a two-fold series to determine the 
dilution end-point, a measure of the potency of the initial undiluted 
preparation. 
In addition to spotting samples directly onto the agar surface, I 
2k 
also used sterile paper discs saturated vith the sample. 
Effect of media type on antibiotic production. After the initial 
selection of putida MIT as an antibiotic producer in solid medium, 
experiments were performed to determine if it also produced in liquid 
media. A 2U h culture ofputida MIT grown in NB on a rotary shaker 
was centrifuged at 8,000 g for '25 min. The supernatant was filter 
sterilized (O.i+5 and;0.22 um) and then spotted onto freshly seeded 
plates of Carotovora var. Cardtovora EClU and Escherichia coli 
K-12 C600. In this experiment the seed layer was 1.0 ml of an over¬ 
night culture added to 5.0 ml of NB plus 0.5^ agar. 
From the initial results obtained, it was apparent that veiy 
little antibiotic is produced by MIT in liquid, if any at all. When 
NCA was found to be a superior medium for solid media production, its 
liquid counterpart, NB, was used in liquid culture tests. putida 
MIT was grown overnight in NB plus 0.2 or 0,4^ CA at 2T C on a rotary 
shaker (l50 rpm) with ECl4 grown the same way to serve as a control. 
The cultures were then centrifuged at 10,000 g for 20 min and the 
supernatants filter sterilized (0.4 um). A portion of the supernatant 
of the culture grown in NBC was also sterilized using chloroform. 
Drops (lO ul) were placed onto freshly seeded plates of ECl4 as well 
as onto plates containing 10 ml of PDA mixed with spores (lO^/ml) of 
the imperfect stage of Glomerella singulata (supplied by T. R. 
Bardinelli and'.C, .W. McCarthy, University of Massachusetts Department 
of Plant Pathology). This experiment was also done using the disc 
technique to determine if there was adsorption of the antibiotic to 
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the paper discs. 
The amount of aeration that MIT receives while in liquid culture 
could influence the amount of antibiotic it is capable of producing. 
Ten, 20, 50, or 100 ml of NB plus 0.1+^ CAt (NBCt) was placed into 250 
ml flasks and inoculated with 1^ (v/v) of an overnight culture of MIT. 
Control flasks were inoculated with EGl4. All flasks were incubated 
at 2i^ C in a reciprocal shaker (150 rpm). After 2k h, cultures'* were 
centrifuged (10,000 g for 20 min) and the supernatant fluids were 
sterilized either by filtration (O.U urn) or by treatment with chloro¬ 
form (O.l^ v/v). Sterilized samples were spotted onto freshly seeded 
plates using a loop. 
Antibiotic production by MlT could also be a contact dependant 
phenomemon, i.e. the bacteria need to be touching something solid to 
produce or excrete the antibiotic. If this were the case, then an 
inert solid substrate such as Sephadex (Pharmacia) should serve the 
purpose without actually removing the bacterium from a liquid environ¬ 
ment. Five grams of Sephadex G25 was placed into ’250 ml flasks and 
swelled with NB plus 0.5^ CAt to create a final volume of approximately 
25 ml. Excess media was removed and the surface of the ’’sephadex— 
plate” was inoculated with 0.3 ml from an overnight culture of MIT. 
The flasks were incubated statically for T2 h at 2k C. After incuba¬ 
tion, the Sephadex mix was placed into a 9 ml column and eluted with 
9 ml of distilled water. Samples were sterilized (0.22 urn filter) and 
spotted with a calibrated loop (lO ul) onto preseeded indicator 
> 
(EC14 and MIT) plates. 
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Many antibiotic producing organisms vary the amount of antibiotic 
they produce depending on the pH of the medium in vhich they are grovn 
(51). Ml? changes the pH of NBC from approximately 6,5 to 9.0 after 
23^ days of growbh. This change in pH may cause the culture to stop 
antibiotic production, accounting for the lack of antibiotic in liquid 
grown cultures. Use of buffer in place of distilled water in preparing 
medium would stabilize the pH diiring the growth of the organism and 
might cause increases in antibiotic production. Flasks of NBCr were 
prepared using 0,01 M phosphate buffer (pH 6.0) and distilled water. 
Both media were brought to pH 6.0 with 1 M HCl, autoclaved and 
inoculated with MIT. Cultures were incubated for IT h on a rotary 
shaker ('I50 rpm) at room temperature, after which they were centrifuged 
for 20 min at 10,000 g. Samples were filter sterilized (0.22 urn), and 
spotted with a loop (lO ul) onto freshly seeded indicator plates con¬ 
taining EC14, EC311 or MlT. 
Production of antibiotic by MlT may also be contingent on the 
stage of growth of the bacterium (55). Flasks of NBCr were inoculated 
with 0.1 ml of an overnight culture of MlT at 2k hour intervals so that 
when cultures were harvested, they were 2h, U8, T2, and 96 h old. 
Cultures were centrifuged, sterilized and spotted as described in the 
experiment above. 
In some cases charcoal added to media is known to cause increases 
in the amount of antibiotic obtained from liquid (C. B. Thorne, 
> 
personal communication). To determine if this was the case for MlT, 
neutral Norit A (Fisher Scientific) was added to NBCt in the following 
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percentages: 2,0; 4.0; 6.0; and 8,0. Flasks containing '25 ml of these 
media were inoculated with 0.25 ml from an overnight liquid culture 
of MIT. Cultures were grown at room temperature for 2k h and then were 
harvested, sterilized and tested as described above. 
The agar present in solid media may be a positive effector of 
antibiotic production in MIT. Therefore, the addition of agar to 
liquid media in small quantities (O.l^) might serve to stimiilate 
antibiotic production. Flasks containing NBCt (lO ml/flask) were 
supplemented with 0,1^ agar and inoculated with \% (v/v) of an over¬ 
night culture of MIT. Half of the flasks were incubated on a rotary 
shaker while the other half were incubated statically at 2k C, After 
48 h, the cultures were centrifuged, sterilized, and spotted onto indi¬ 
cators as described above. 
Although static growth as a factor in antibiotic production in 
liquid culture was combined into the experiment above, a more compre¬ 
hensive experiment was needed to determine if it had an effect. 
Flasks containing 5 or 10 ml of NBCr were inoculated with 1% (v/v) of 
an overnight culture of MIT at 24 h intervals. After incubation at 24 
C, cultures were harvested so that they had been allowed to grow for 
24, 48, or T2 h. Cultures were prepared and tested as described above. 
> 
Inhibition of the indicator strain ECl4 by the antibiotic produced 
by MIT in liquid culture was also determined spectrophotometrically. 
Five hundred ml flasks containing 100 ml of NBCt were inoculated with 
either MIT, or its non-antibiotic producing derivative strain, M1T4. 
After the cultures had been incubated for 5 days at 24 C on a recipro- 
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cal shaker, cells vere removed by centrifugation (12,000 g, 20 min). 
Dry NB (final concentration 1.6^) was added to the supernatant seunples, 
which were then filter sterilized (0,^5 urn) and separated into separate 
sidearm spectrophotometer flasks (lO ml/flask). Flasks were inoculated 
with 1l% (v/v) of an overnight culture of EClU and incubated at 30 C on 
a shaker. Growth was monitored at 600 nm in a Bausch and Lomb spectro¬ 
photometer. ' 
Inducibility of antibiotic production. Mitomycin C induction — 
Vidaver and Buckner (66) were successful at increasing the amounts of 
bacteriocins produced by various Pseudomonas species by treating the 
cultures with mitomycin C. Their technique was tried on putida Ml? 
to see if it would have a similar effect on antibiotic production. 
Sidearm spectrophotometer flasks (250 ml) containing 25 ml of NBCt were 
inoculated with 0.2 ml of an overnight culture of MIT. Control flasks 
were inoculated with the same volume of ECl4. Cultures were grown at 
30 C to an optical density of approximately 0.3 at 640 nm (EC14, 0.310; 
MIT, 0.365). At this point, 10 ml of each culture were treated with 
mitomycin C at a final concentration of 1 ug/ml. Remaining untreated 
cultures were allowed to serve as controls. All cultures were shaken 
in the dark for k h after which time they were stored overnight at 
approximately 4 C. Low speed sectrifugation (10,000 g, 15 min) removed 
the cell debris, and culture supernatants were-then filter (0.22 xim) 
> 
or chloroform (lO^ v/v ) sterilized. Samples were spotted with a loop 
(10 ul) onto freshly seeded indicator plates of ECl4, EC311, or MIT. 
Ultraviolet induction - Exposure of pseudomonads to ultraviolet 
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irradiation has also heen shown to increase the amount of bacteriocin 
which they produce (67). A slight modification of the technique 
described by Vidaver et al. (6t), was used with MIT, with ECl4 serving 
as a control. Sidearm spectrophotometer flasks ('250 ml) containing 
10 ml of NBCt were inoculated with 1% (v/v) of an overnight culture. 
Flasks were incubated at 30 C on a rotary shaker and their growth was 
monitored by changes in optical density. When the cultures were at 
approximately 0.^, OD 640 nm (ECl^, 0,k2i MlT, O.Ui+; control EClU, 
0,36; control MIT, 0.51), T.O ml of each culture were centrifuged for 
5 min at TTOOg. The bacterial pellets obtained from centrifugation 
were resuspended in T.O ml of 0.85^ NaCl after which they were ■ 
irradiated for 80 sec with an ultraviolet light at 6l cm (maximiim A 
253T; ^00 ergs/cm /sec). Control cultures were not irradiated. Five 
ml of each culture were placed into a 125 ml flask with 5 ml of double 
strength NBCt media. All cultures were incubated for U h in the dark 
on a rotary shaker and then stored overnight at U C, After the cul¬ 
tures were centrifuged (TTOO g, 5 min) and sterilized (0.22 urn filter 
or 10^ v/v chloroform), they were spotted (lO ul) onto freshly seeded 
indicator plates of ECl4, EC311, and MIT. 
Biospectrum Testing 
> 
Bacterial inhibition spectrum. Inhibition of bacteria by P. putida 
MIT was tested using the modified technique of Vidaver et al. (6t) as 
outlined in the previous section, "Antibiotic Production, Solid media 
production, testing procedure", using NA plus 0,^1^ CA (NCA) as the 
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■bottom layer mediiom. 
Fungal inhibition spectrum, A petri plate containing PDA plus 0,k% 
CAt (PDCAt) was inoculated with drops from overnight cultures of P. 
putida MIT and E. carotovora var. carotovora ECl4 as diagrammed in 
carotovora is not known to inhibit fungi and served as a 
control in these experiments, A plug of PDA containing an actively 
growing fungal indicator was placed into the center of the plates 
inoculated with the "bacteria, and all plates were incubated at 2k C. 
Inhibition by Ml? was noted when the fungus growth had reached the ECli^ 
colony, since the fungi should reach the Ml? colony at the same time if 
no inhibition by MIT was occurring. 
Yeast inhibition spectrum. The yeast culture was tested in the same 
way as the bacteria, except that it was tested using PDCAt as well as 
NCAt as the bottom layer. 
Inhibition of Indicators by Other Bacteria 
Other pseudomonads were tested for their ability to inhibit E. 
carotovora var. carotovora strains to determine how widespread this 
type of inhibition was among this group. Xanthomonas campestfis,. 
Agrobacterium tumefaciens. and a number of Erwinia strains were also 
tested. All inhibition studies were done in solid media as described 
in the Antibiotic Production section, except that the initial incuba¬ 
tion temperature for tests of Erwinia strains was raised to 30 instead 
of 2k C. All strains tested are listed in the results. 
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Fig. 2. Diagramatic representation 
testing inhibition of fungi by £. putida 
of the procedure used for 
MIT. 
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Isolation of theP. putida MIT Antibiotic 
Isolation from solid media. 
Freeze-thav extraction, Litkenhous and Liu (38) were able to 
isolate a bacteriocin produced by Bordetella pertussis by freezing and 
then thawing media plates on which the organism was grown.. Extraction 
of the antibiotic produced by MIT was attempted using this technique. 
Fresh plates containing NCA (20 ml/plate) were spot-inoculated with 
:0.1 ml of an overnight culture of MIT. Half of the plates were spread, 
while the other half had the spot left intact. Control plates inocu¬ 
lated with EClU were treated in the same way. All of the plates were 
incubated for 48 h at 24 C and then placed in a freezer (-15 C) for 
another 48 h. Plates were removed from the freezer and allowed to 
thaw for 24 h at 30:C. The agar was then removed from the plates and 
the mixture obtained was centrifuged at 10,000 g for 50 min to remove 
the agar and debris. Half of each sample was sterilized with 0.1^ (v/v) 
chloroform and the other half with 0.4 urn uni-pore membrane filters. 
Samples were spotted (10 ul drops) onto freshly seeded indicator plates 
as was done in liquid media production tests. Plates were incubated 
for 24 h at 30 C after which they were examined for any inhibition 
zones on the indicator lawn. 
Diffusion of antibiotic from agar. Three mm plugs, from the zone 
of inhibition of previously overlayed plates were placed onto plates 
containing NCAr (20 ml/plate). Plugs were allowed to stand for 5 or 96 
h at 24 C to allow the antibiotic to diffuse into the layer of agar 
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below. The plugs were then removed, and the plates were overlayed with 
the indicator strain. After 2U h at 30 C, plates were examined for 
zones of inhibition. 
It was possible that in plates which had already been overlayed, 
that the antibiotic had either been bound to the indicator bacteria or 
perhaps immobilized in some way because of the treatment with chloro¬ 
form, To test this hypothesis, 3 mm plugs were removed from the area 
around a 48 h old colony of M17 where a zone of inhibition would be 
expected to occur if the plates were overlayed with indicator. Plugs 
were removed from plates which had been chloroformed for 1 h as well 
as unchloroformed plates, with special care being given not to include 
any Ml? on the plugs. Plugs were allowed to stand for 48 h on NCAt 
plates, after which time they were removed, and the plates overlayed 
with indicator. Plates were incubated at 30 C for 24 h before being 
checked for inhibition. 
Binding of the antibiotic to the indicator culture was also 
checked by doing a second overlay of indicator onto plates which had 
already been overlayed once. Plates (NCAt) which had been inoculated 
with MlT, chloroformed and overlayed with ECl4, were chloroformed a 
second time once it was seen that inhibition zones were present. An 
indicator layer of either ECl4, EC311, or MIT was poured onto these 
> 
plates, which were then incubated at 30 C for 24 h. Zones of inhibi¬ 
tion were measured as usual. 
Although inhibition zone plugs had been used to try to get the 
antibiotic to diffuse into solid media, it remained to be seen if 
3h 
plugs vould inhibit indicator cultures in liquid media. Fresh plates 
of NCAt were spotted with drops of an overnight culture of MIT. 
Plates were incubated for 48 h at 24 C after which 3 mm plugs were 
removed from within the area around the Ml? colony where an inhibition 
zone would be expected to be seen. Different quantities of plugs (O to 
8, 10, 12, '15, 20, ’25, and 30) were added to sterile screw-cap test- 
tubes. Each tube had 5.0 ml of a 10 dilution of an overnight* culture 
of EC14 added to it, after which time the culture tubes were placed 
onto a rotary shaker ('150 rpm) at room temperature. A control tube 
containing 5 plugs and sterile NBCt was also prepared, and the tubes 
were examined for turbidity over a 24 h period. 
The diffusion of the antibiotic from solid media was also deter¬ 
mined by the use of paper discs which were placed around a fresh spot 
of MIT on NCAt plates. Plates were incubated for T2 h at 24 C to 
insure that the discs would be well within the inhibition zone. Discs 
were removed from the plates both before and after they were chloro¬ 
formed, and were placed onto indicator plates. The original T2 h MIT 
plates were overlayed to confirm that the antibiotic was present in 
the area from which the discs had been removed. All indicator plates 
were observed for inhibition surrounding the discs after 24 h at 30 C, 
Acetone-ether extraction of the antibiotic from agar. Howell and 
Stipanovic (30) successfully extracted the antibiotic pyrrolnitrin from 
agar plates on which their antibiotic producing isolate of T. 
fluorescens had been grown. This technique was used in an attempt to 
isolate the antibiotic from-^. putida MIT. 
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Forty plates containing NBA plus 0.i+^ CAt (25 ml/plate) vere 
spread vith:0.1 ml from an overnight culture of MIT. After* 5 days of 
incubation at 24 C, the agar was cut into small pieces (l cm or 
smaller) and placed into a 1000 ml beaker. Eight hundred ml of 80^ 
aqueous acetone was added to the beaker under a fume hood, and was 
allowed to sit for at least \ h with frequent stirring. The mixture 
was then filtered through a double layer of cotton cheesecloth and 
the filtrate centrifuged for 10 min at 12,000 g. Agar from filtration 
and centrifugation was discarded. The supernatant fluid was condensed 
in vacuo at 40 C (Buchler Roto-vap), until "boiling" had ceased. Each 
200 ml of concentrate had 10 grams of NaCl added to it, and was then 
extracted twice with 200 ml of ethyl ether. All ether extracts were 
combined and condensed vacuo at room temperature. When the ether 
extracts were concentrated to approximately 3 ml, the sample was 
removed and diluted to IT ml with 10^ aqueous acetone. Samples were 
filter sterilized with a 0.22 urn filter and spotted (lO ul) onto fresh¬ 
ly seeded indicator plates of ECl4 and MIT. Samples of the acetone 
concentrate with NaCl, the aqueous phase of the ether extract, and 10^ 
aqueous acetone were also sterilized and spotted onto the indicator 
plates to serve as controls. Additional controls included uninoculated 
plates (NBA plus 0.4^ CAt), as well as plates on which M1T4 had been 
grown, which were extracted as above to insure that the inhibitory 
compound was actually a product of MIT and not an artifact of the 
extraction procedure. 
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Isolation from liquid media. 
Lyophilization. An overnight culture of Ml? grown in NB at room 
temperature was centrifuged for '25 min at 8000 g to remove the 
bacterial cells. The supernatant was then lyophilized (Labconco 
lyophilizer) and stored frozen. To test the sample, 1.26 g were 
resuspended in 2,0 ml of distilled water, sterilized with a 0.4 um 
filter, and spotted onto freshly seeded indicator plates of ECl4 and 
coli K-12 C600, In this experiment, LA plates were seeded by put¬ 
ting 1,0 ml of indicator culture into 5 ml of LB soft agar (0,5^ agar). 
Plates were incubated overnight at 30 C and observed for inhibition 
spots. 
Ammonium sulfate precipitation. Ammonium sulfate precipitation 
is often used in initial purification of compounds because of the 
selective precipitation of different substances at different percent¬ 
ages of salt. By using this technique on the aupernatant of cultures 
of MIT grown in liquid media, it was hoped that the antibiotic which 
it produces could be isolated from other substances which the cells 
produce. 
Eleven flasks containing LB (lOO ml/ flask) were inoculated with 
MIT and incubated for 48 h at 30 C. The cultures were centrifuged 
(8000 g, 20 min) and the supernatants combined. One thousand ml of 
the supernatant was mixed with ammonium sulfate in the cold in 
consecutive cuts of 0 — 30, 30 - 50,’ 50 - TO, and TO - 90^ of 
saturation. Ammonium sulfate preparations were centrifuged at 
16,000 g for 10 min between each cut. The pellets from each percentage 
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group were resuspended in 10 ml of potassium phosphate buffer (O.Ol M, 
pH T.O). Samples, including the final supernatant, were clarified by- 
centrifugation (20,800 g, 30 min) and half of each sample was desalted 
by dialysis (6,000 to 8,000 MW cutoff) for 12 h against ^ liters of 
buffer (potassium phosphate, 0.01 M, pHT.O) changed every 60 to 75 
min. All samples were clarified again by centrifugation (20,800 g, 
50 min) and stored at C. The samples, including those which had not 
been dialyzed, were sterilized (0.2 urn filter) and spotted by pipet 
onto preseeded indicator plates (l ml of culture/5 ml of LB or NB plus 
0.5^ agar). Plates were observed after if8 h of incubation at 30 C. 
Characterization of P. putida M17 Antibiotic 
Characterization of antibiotic in solid media. Various experiments 
were performed to determine the characteristics of the antibiotic 
produced by putida Ml7 when it is grown in solid media. 
Sensitivity of the antibiotic in agar to the proteolytic enzymes 
trypsin and pronase was determined using the technique of Vidaver et 
al. (67). Four drops of M17 (from 17 h liquid culture) were placed 
onto NCAt plates (25 ml/plate), one drop into each quadrant of the 
plate. After incubating for 48 h at 24 C, test colonies were killed 
with chloroform vapor and plates were then allowed to air for \ h. 
t 
While the plates were being chloroformed, solutions of trypsin (0.06^) 
and pronase (0.06^ and 0.5^) were prepared in 0.05 M Tris-HCl buffer 
(■dH 7.5) and sterilized with 0.22 urn filters. Each solution and the 
buffer were tested for proteolytic activity by adding 0.04 g of 
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Congocoll (Calbiochem) to ^.0 ml of sample. Ten ul of each solution, 
including sterilized buffer, were placed onto the edge of each of the 
^ colonies/plate. Plates were allowed to stand at 33 C for 4 h before 
being overlayed with indicator. Inactiviation of the antibiotic by any 
of the enzymes would be apparent because of growth within the zone of 
inhibition where the enzyme had been placed. 
Heat and cold inactivation of the antibiotic in solid media was • 
also determined (6t). Plates on which MIT had been grown for 48 h were 
placed into ovens set at Jd to 82, 75 to 80, or 66 C for 15 to 20 min, 
or into a refrigerator at 2 to 5 C for 30 min. Plates were allowed to 
stand at room temperature for 30 to 60 min before being overlayed. 
Sensitivity of the antibiotic to extremes in pH was determined 
by adding drops of 1 N HCl or 1 N NaOH to either side of an already 
chloroformed 48 h colony of Ml? grown on NCAt. Spots were placed 
adjacent to the colony and near to the edge of the plate where no 
inhibition of indicator was expected, so that inhibition due to the 
acid or base could be noted. Drops were allowed to dry before plates 
were overlayed. 
Characterization of antibiotic from lyophilization. One gram of 
lyophilized supernatant from a 24 h old culture of MIT was resuspended 
> 
in 5 ml of 0.01 M potassium phosphate buffer (pH T.G). To determine a 
partial biospectrum, this suspension was sterilized using a 0.4 um 
filter and spotted onto freshly seeded plates containing carotovora 
and E. coli strains. Plates were seeded by placingl.O ml of culture 
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into 5 ml of LB soft agar. 
This antibiotic suspension was also tested for thermostability. 
Sterile sample (0.2 urn filter) was placed into a boiling water bath for 
0, 5, 10, 20, and 30 min, allowed to cool, and then spotted onto pre¬ 
seeded plates. Plates were seeded in the conventional manner by adding 
0.1 ml of indicator culture in 3.0 ml of soft agar. 
Characterization of antibiotic from acetone-ether extraction. 
Antibiotic obtained from acetone-ether extraction of plates on which 
MIT had been grown was tested for potency, stability, and approximate 
size. 
The antibiotic (in 10^ aqueous acetone) was sterilized (0.U5 urn 
filter), diluted by halves in distilled water, and spotted onto 
indicator plates to determine the dilution end point of the original 
suspension. 
Inactivation of the antibiotic by heat (O to 60 min at 100 C), 
time (56 days at 1^ C), and chloroform were also studied. These 
samples were tested by spotting onto indicators, but the heat treatment 
samples were also tested using the paper disc technique. Antibiotic 
samples were also dialyzed against distilled water using 6,000 to 
8,000 MW cut-off dialysis tubing to determine its approximate size, 
as determined by loss of activity in dialyzed samples. 
Dried extract samples were also tested for antibiotic activity. 
Scrapings and individual crystals from a watch glass in which 1.0 ml 
of ether extracted antibiotic had been dried, were placed onto the 
ko 
surface of indicator plates. 
The effect of the antibiotic on the growth of EClU was also 
determined spectrophotometrically, Sidearm spectrophotometer flasks 
were inoculated with equal volumes of double strength NB and either Ml? 
or MIT^ ether extracts. One percent (v/v) of an overnight culture of 
ECl^ was added to the flasks which were monitored for growth at 600 nm, 
A modification of this experiment was the monitoring of the effect 
of the antibiotic on an already turbid culture of ECl^, Equal volumes 
of an overnight culture of EClU in NB and either MIT or MlT^ extract 
were added to sidearm spectrophotometer flasks and changes in optical 
density were monitored at 600 nm. 
CHAPTER IV 
RESULTS 
Identification of P. putida MIT 
The antibiotic producing culture MIT vas found to be a gram 
negative, rod shaped, fluorescent bacterium which grew well in the 
temperature range of 2k to '35 C. Table 3 lists the results given by 
MIT when applied to the API 20E test. Pectic enzyme production was 
absent in this culture, and the bacterium was also non-pathogenic for 
potato, A minimum doubling time of ^0 min was observed and the 
complete growth curve is presented in Fig. 3. 
Electron microscopic examination of the bacterium revealed 2 to 11 
polar flagella, with 3 to ^ flagella being most common (Fig, h). 
These results led to the positive identification of this culture 
as T. putida (verified by N.-J. Palleroni, personal communication), 
with production of fluorescent pigment, negative gelatinase reaction, 
positive oxidase reaction, and multiple polar flagella being the key 
determinants. 
Antibiotic Production 
Production in solid media. NA plus CA was the most suitable solid 
medium for antibiotic production, with LA and LBA also producing very 
good results. The best inhibition zones were observed on LBA plus 0.8^ 
CAt (13.35 mm), NCAt (9.15 mm) and LA (6.T mm). LBA was not chosen as 
ill 
Table 3. Characteristics tested utilizing the API 20E system and 
results obtained for putida MIT. 
Biochemical Test 
Hydrolysis of orthonitrophenylgalactoside 
Arginine dihydrolase 
Lysine decarboxylase 
Ornithine decarboxylase 
Citrate utilization 
Hydrogen sulfide produced from thiosulfate 
Urease 
Tryptophane deaminase 
Formation of indole from tryptophane 
Formation of acetoin from sodium pyruvate 
Liquification of gelatin (proteolytic enzymes) 
Utilization of glucose 
” " mannitol 
" " inositol 
” " sorbitol 
" " rhamnose 
" " sucrose 
" " melibiose 
" " amygdalin 
" " arabinose 
Cytochrome oxidase 
Nitrate reduction - NO^ 
Nitrate reduction - N^ gas 
Reaction of Ml? 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Fig. 3. Growth curve ofputida MIT at 30 C, 
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Fig. Electron microscopic photograph of P. putida MIT 
stained with 1^ ammonium molybdate. Magnification: 38,000 X. 

the permanent media although the largest zones were produced on it 
because there is no readily available liquid countejrpart for it. 
Increased amounts of CA added to media generally caused larger 
inhibition zones to be produced, but also caused increases in yellow 
pigment production,. Figure' 5 shows the relationship between amount of 
CAt present in NA and the inhibition zone size produced. Although this 
curve indicates that 0.5^ CAt added to NA allows for maximal zone size, 
further experimentation showed that was superior. Addition of CAt 
yields larger inhibition zones than CAr at both O.U and 0.5^, with the 
addition of 0.1^ NaCl to 0,5^ CAr decreasing zone size even further. 
NBCAt used in place of NCAt consistantly caused slight reductions 
in the zones of inhibition produced, but this was not a substantial 
difference so both media were used interchangeably. 
The addition of EDTA increased zone size at 0.001 M, but overlays 
did not grow well on this medium and the increase may well have been 
a result of the existance of fewer cells to inhibit. EClU and EC311 
failed to grow on higher concentrations of EDTA (O.Ol m) as did MIT 
(O.l m). 
NCAt amended with glucose or glycerol was inferior at producing 
inhibition zones using ECl^i and EC311 as indicators, but did cause an 
increase in the zones produced when Ml? was used. 
An increase in antibiotic production was evident with increased 
amounts of iron (from 14.3 mm zones with no iron to 17.8 mm zones with 
10 mg/1 iron) added to NCAt, but was not substantial enough to merit 
its inclusion into the media permanently. 
U8 
Fig. 5. Effect of casamino acid 
concentration on the size of inhibition zone 
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Purified agar in place of regular agar, and phosphate buffer (O.Ol 
M, pH 6.0) and deionized distilled vater in place of distilled water 
all caused slight decreases in inhibition zone size when ECl^ was used 
as the indicator. 
Of the amino acids tested in place of CAt, L-cysteine gave 
consistently larger zones than NA or NCAt, but this has not yet been 
confirmed statistically. Both L and D-tryptophan, a known precursor of 
pyrrolnitrin in aureofaciens (24), failed to promote zone production 
in MIT. 
PDCAt was clearly the best of the fungal media tested and so was 
used exclusively for all fungal inhibition tests. MIT grew very 
poorly, if at all, on CZA unless it was amended with 0.4^ CAt. 
NCAt above pH 6.5 had a markedly detrimental effect on antibiotic 
production in MIT, although the pH can be lowered to 5*0 with little 
variation in zone size. Zones of inhibiton between:6.65 mm (pH 5.5) 
and T.95 nun (pH 6.5) were observed between the pH range of 5.0 to 6.5, 
when EC14 was used as the indicator. At pH T.O the zone size had 
dropped to 3.T mm and above this pH, zones disappeared altogether. 
Differing concentrations of agar did not seem to influence the 
size of inhibition zones produced, but the lower concentrations (O.T^ 
and below) caused the bacterium to become increasingly motile. 
A clear relationship exists between the length of time which 
plates are incubated before being exposed to chloroform, and the size 
of inhibition zones produced (Fig. 6 and T). 
Original tests on the effect of incubation temperature on zone 
51 
Fig. 6. Effect of length of incubation on the zones produced 
by putida MIT with an ECl^ overlay. Top - 24 h incubation. 
Center - 48 h incubation. Bottom - 72 h incubation. 
52 
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Fig. T. Effect of length of incubation on the zones produced 
by putida MlT with an MIT overlay. Top - 24 h incubation. 
Center - 48 h incubation. Bottom - 72 h incubation. 
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production indicated that 2k C was the most suitable temperature to 
use. Using ECli| as the indicator, zone sizes averaged 17.^ mm, 7.05 
mm, and 8.05 mm for 2i+, 30, and 35 0, respectively. The plates used 
for 30 C incubation were older than those used for 2k and 35 0, Zones 
would probably have been slightly larger on the 30 C plates if this 
had not been the case, since older plates seem to be inferior in terms 
of size of inhibition zone produced on them. In subsequent tests of 
other bacteria for antibiotic production, a 30 C initial incubation 
temperature was often used instead of 2k C, because of the requirements 
of the test strains, M17 was always used as a control in these 
experiments, and the results obtained clearly reinforced the findings 
that 2k C was more suitable for antibiotic production. 
Production in liquid media. Production of antibiotic by M17 seems to 
be very low when the bacterium is grown in liquid culture. Spots of 
sterile culture filtrate of M17 grown in NB plus 0, 0.2 or 0,k% CA 
failed to inhibit EClU or E. coli K-12 C600, with only slight inhibi¬ 
tion occurring on G_. singulata indicator plates. When paper discs 
saturated with sample were used, no inhibition was seen on any indica¬ 
tors . 
No modification of the liquid medium caused antibiotic production 
to occur in amounts significant enough for culture filtrate to be 
capable of inhibiting EClk indicator plates. Those modifications 
tried, included; amount of aeration the culture receives by variation 
of amount of media/flask or static incubation; addition of Sephadex, 
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charcoal, or agar; buffering the media; and incubating the culture for 
prolonged periods of time. 
Spectrophotometric observations of ECli| grovn in sterile culture 
supernatants of Ml? and Ml?^ shoved that growth does occur in the MIT 
supernatant (Table 4). 
Antibiotic production in liquid media also does not seem to be 
inducible using ultraviolet irradiation or mitomycin C. Indicator 
plates of EC311 did show some inhibition when spotted with samples of 
MIT treated with mitomycin C, but this inhibition was also evident in 
spots of EC14 controls treated with mitomycin C, Apparently residual 
mitomycin C is causing this inhibition, since non-mitomycin C treated 
cultures caused none. 
Biospecti*um Testing 
Many bacteria, fungi and yeast are inhibited by the antibiotic 
produced by MIT. Table 5 lists all the bacteria and yeast which were 
used as indicators for antibiotic sensitivity and the size of the zone 
of inhibition produced. It is interesting to note that although M1T4 
had lost its ability to produce antibiotic, it remained insensitive to 
the antibiotic produced by MIT. Table 6 lists fungal indicators, but 
only notes inhibition as being positive or negative. Figure 8 presents 
the types of inhibition which were observed with fungal indicators. 
Inhibition of Indicators by Other Bacteria 
Manv bacteria seem capable of inhibiting ECl4 and even MIT, but 
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Table k. Effect of supernatant from 5 day old cultures of Ml? and 
MIT^ on the growth of ECl4 as measured by optical density at 600 nm. 
Time (min) 
Optical Density (600 nm)^ of ECl^ grown in 
MI7 supernatant M17^ supernatant 
0 0 0 
25 0 0 
95 0 0.002 
150 0.003 0.009 
215 0.020 0.032 
270 0.049 0.062 
350 0.105 0.119 
420 0.158 0.187 
615 0.339 0.420 
a - average of three replicate flasks 
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Table 5. Bacterial and yeast sensitivity to M17. 
Indicator Organi sm Strain Zone Size 
Agrobacterimn tumefaciens Kerr 27 11.5 
Bacillus subtilis W23 14.5 
Ei^inia amylovora ATCC 19382 19.1 
tf carotovora var. atroseptica Sr8 11.8 
tf If II It SRI55 12.1 
n II II carotovora EIO7 12.3 
II II tt EI29 12.9 
»f II It II EC14 15.4 
It II 11 EC311 13.4 
f» II II II SRll 14.3 
M II II It SR 17 11.5 
It II II II SR50 10.7 
If II It If SR53 17.5 
It II If It SRI69 12.9 
II II If It SR200 11.7 
It II II It SR218 11.6 
11 It It tt SR250 11.1 
II II II tt SR252 8.3 
tf herbicola L321 10.0 
It t! L322 16.4 
Escherichia coli Col El 
K-12 C600 
11.8 
tt It 13.0 
It tt L358 9.6 
II It L358-1 12.5 
It tt pBR322 9.96 
It It RPl i4.6 
II It Sa 8.5 
Pseudomonas aeruginosa PAO 
II If UCPPB3 NZ 
It cichorii L299 14.4 
It fluorescens 13525 NZ 
tt glycinia LII6 NZ 
It It 162 6.7 
It marginalis L303 NZ 
tf 
tt 
putida 
tt 
AC797 
ac8ii 
NZ 
NZ 
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Table 5. continued. 
Indicator Organism Strain Zone Size (mm) 
Pseudomonas putida MIT NZ 
M ■ 'it ■' Ml? 4 NZ 
" pyrroCinia ATCC 15958 T.T 
Rhizobium meliloti ATCC 4399 9.6 
” phaseoli ATCC 14482 14.7 
Salmonella typhimurium LT-2 9.5 
Xanthomonas campestris L298 8.5 
Saccharomyces cerevisiae CBS 156250 17.2 and NZ^ 
a - Indicator cultures vere all applied to plates by the soft agar 
overlay method and allowed to incubate for 2h h at 30 C before 
results were recorded. 
b - Average of at least 3 replicates measured from the colony edge 
to the edge of the indicator growth. 
c - No zone, either completely free of inhibition or a zone of less 
than 1 mm. 
d - 17.2 mm zone is from NCAt media, NZ is from PDCAt. 
6o 
Table 6. Fungal sensitivity to MIT.^ 
Inhibited By 
Indicator Organism Strain EC14 MIT 
Alternaria solani WJM (84) — + 
Fusarium oxysporum JPD — + 
Geotrichum candidum CBS 156035 — + 
Glomerella. singulata 
(imperfect stage) TRB-CWM — 
b 
+ 
Penicillium notatum CBS 156155 - + 
Phytophthora cinnamomi CBS 156197 
c 
+ + 
Pythium ultimum ATCC 26083 - + 
Rhizoctonia solani WJM (4o) - + 
Sclerotinia sclerotiorum WJM (360) - — 
a - Inhibition of fungi was noted once mycelium had reached 
E. carotovora EClU colony. 
b - G, singulata was not tested using the technique used for 
The other fungi. Spots of culture filtrate applied to spore 
suspension plates gave the results indicated. 
c - Slight inhibition, not as distinct as that seen with MIT. 
6l 
Fig. 8. Variations in inhibition of fungi hy pUtida MIT. 
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clear inhibition zones are quite infrequent (Table 7). P. putida 
ACT9T and AC8ll produce fairly large zones of inhibition on EClU which 
are fairly free of growth, but there does appear to be light growth up 
to the test colony edge. These two putida strains also inhibit MIT 
in very much the same way, although MIT is not capable of inhibiting 
either of them. MlT^ also produces a turbid inhibition zone with ECli+ 
as indicator. This zone, however, is obviously not free of indicator 
growth. 
Isolation of P. putida MIT Antibiotic 
Isolation from solid media. Freeze-thaw extraction of solid plates on 
which MIT had been grown was unsuccessful. No samples were capable of 
inhibiting any of the indicators used. 
Diffusion of the antibiotic from plugs of agar taken from within 
an inhibition zone did not occur. This did not seem to be due to 
binding of the antibiotic to the agar because of exposure to chloroform 
vapor, since plugs from plates which had not been chloroformed also 
failed to inhibit indicators. Another indication that the antibiotic 
was not bound to the agar or to overlay cultures, was that plates which 
were overlayed twice with ECli+, still showed inhibition of the second 
indicator layer. Agar plugs added to a dilute culture of ECl^i in 
liquid also caused no inhibition to occur. The antibiotic was also 
not present in paper discs which had been placed within the inhibition 
zone, as evidenced by their failure to inhibit indicator cultures to 
which they had been transferred. 
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Table T. Various bacteria tested for ability to inhibit EClU and MIT 
in solid media. 
Test Organism Strain 
Inhibition of 
eci4 m 
Agrobacterium tumefaciens Kerr 2? — NT^ 
E2rwinia carotovora var. carotovora CIAT 1137 NT 
» It 11 M CIAT 1138 ( + ) NT 
n If If If CIAT 1139 (+) NT 
If If If If CIAT llk3 + NT 
II II If If ElOT — NT 
If If II II E125 — NT 
II II II II E129 — NT 
II II II II E131 — NT 
II II II II EC-CT-1 NT 
If II It II EC14 — 
11 II It It EC311 — NT 
II II II It SRll NT 
11 II It 11 SRIT — NT 
It It It It SR50 — NT 
II II II II SR53 — NT 
It II It II SR53-CT — NT 
II II II II SR200 — NT 
II II II II SR218 — NT 
II II II II SR250 — NT 
II It If 11 SR252 — NT 
II II II II SR259 + NT 
11 II It It SR288 — NT 
" herbicola L321 NT 
If ' II L322 - NT 
Pseudomonas aeruginosa PAO 
(i)^ 
(+) 
It It UCPPB 3 — 
II II UCPPB 20 - - 
” caryophylli 113 - ( + ) 
" Cepacia 2ii9 ( + ) ( + ) 
" cichorii L299 — - 
" fluorescens 13925 ( + ) - 
" glycihia lii6 - - 
" marginalis L303 ( + ) (+) 
" marginata 10 6 — - 
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Table T. continued. 
Inhibition of 
Test Organism Strain ECli^ MIT 
Pseudomonas phaseolicola HBi+10 - - 
’* picketii K230 - — 
" putida ACT9T ( + ) (+) 
(+) V u AC811 ( + ) 
II II MIT + — 
II II MlTi+ (+) - 
" pyrrocinia ATCC 15958 - (+) 
" syrihgae L2U5 - - 
" tabaci L301 — - 
II II L380 - — 
Xanthomonas campestris 
a - Not tested. 
L298 (+) 
b - Turbid zone or one which is 1 mm or smaller. 
c - Tested once as (+) and once as negative 
66 
The antibiotic from MIT was successfully isolated by treating 
plates on which the bacterium had been grown with 80% acetone, and then 
treatment of the acetone extract with ether (Fig. 9). Figure 10 shows 
the inhibition which is seen when the ether extract and controls are 
spotted onto ECll| and MlT indicator plates. 
Isolation from liquid media. Some antibiotic was present in the 
• . 
lyophilized supernatant of an MIT culture. Resuspended lyophilized 
sample caused a clear zone of inhibition on ECl^i and a faint zone on 
E. con K-12 C600. 
Salting out of culture supernatant with ammonium sulfate was 
capable of precipitating the antibiotic. Samples of 50 - TO^ ammonium 
sulfate were capable of inhibiting E. carotovora strains ECli+, EC301, 
and EC311 but not MIT. Inhibition of some indicators was also observed 
in the TO - 90^ ammonium sulfate sample and the final supernatant but 
was variable and inconsistant. This inhibition was only observed in 
samples that had not been dialyzed indicating that the antibiotic is 
smaller than the 6,000 - 8,000 MW cutoff of the dialysis tubing used. 
Characterization of P. putida MIT Antibiotic 
Characteristics of antibiotic in solid'media. The MIT antibiotic is an 
extremely stable compound which retains full activity after treatment 
with proteolytic enzymes (0.06^ trypsin, 0.06 and 0.5^ pronase), acid 
(1 N HCl), and base (l N NaOH). The antibiotic in solid media is also 
insensitive to extremes in temperature, able to withstand 20 min at 
spread 0,1 ml ofputIda Ml? in liquid media on each 
of i+0 plates containing'25 ml of nutrient troth, 
technical casamino acids, and 1.5^ agar. 
Incubate plates for 5 days at 2k-C, 
Cut agar into 1 cm or smaller pieces and place into a 
1000 ml beaker. Extract with 800 ml of 80^ aqueous acetone, 
Allow mixture to stand for \ hour, stirring frequently. 
Filter mixture through a double layer of cotton cheesecloth. 
Centrifuge at 12,000 g for 10 min and dispose of agar pellet. 
Collect supernatant and condense in vacuo at i+0 C. 
Add 5 grams of NaCl to each 100 ml of aqueous concentrate. 
Extract each 200 ml portion twice with 200 ml of ethyl ether. 
Combine extracts and concentrate to 2 to 5 ml in vacuo. 
Dilute sample to IT ml by addition of 10^ aqueous acetone. 
Fig.'9. Purification scheme for 
isolation of antibiotic from solid media. 
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Fig. 10. Effect of acetone-ether extract of plates on which 
MIT had been grown. Controls were 10^ acetone, acetone extract 
plus 5/S NaCl and the aqueous phase from ether extraction. 
Top - EClU indicator. Bottom - MIT indicator. 
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60 to 82 C and 30 min at 2 to 5 C. 
Characteristics of antibiotic in liquid. Resuspended lyophilized MIT 
supernatant displayed antibiotic activity against carOtovora strains 
ECl4, EC311, SR 259, and CIAT 1139. MIT and;E. cOli K-12 C600 vere 
inhibited butcoli Col E3 vas not. Some of the inhibition zones 
were turbid but obviously distinct from the surrounding lawn. This 
suspension was also tested for thermostability. Samples retained their 
ability to inhibit ECl4 and EC311 after 30 min at 100 C, but all zones 
were faint. 
Antibiotic in 10^ aqueous acetone from acetone-ether extraction of 
solid media remained active at \ of original concentration (Fig. ll), 
although it became faint at this point. The antibiotic was also quite 
stable, retaining activity after 60 min at 100 C (Fig. 12) and storage 
for 56 days at l4;C, When heat treated samples were tested using the 
paper disc technique in place of the calibrated drop, only extremely 
small (less than;0,05 mm) inhibition zones were visible on ECl^i 
indicator plates. Antibiotic samples which were treated with chloro¬ 
form for 15 min turned an opaque milky color from the normal clear 
to slightly yellow, and lost all antibiotic activity. Either the 
antibiotic was inactivated by the chloroform or the antibiotic was 
extracted into the chloroform layer. Samples which were dialyzed 
(6,000 to 8,000 MW cut-off) lost all antibiotic activity, confirming 
earlier results indicating the antibiotic is less than 8,000 MW in 
size. 
Scrapings of dried extract sample placed onto ECl^ indicator 
Tl 
Fig. 11. 
acetone-ether 
Effect of tvo-fold dilution on the 
extracted;^, putida MIT antibiotic. 
activity of 
Top - EClU 
indicator. Bottom — MIT indicator 
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Fig. 12. Effect of heat (lOO C) on acetone-ether extracted 
p. putida MIT antibiotic. Numbers in photographs indicate time 
in min for which each sample was exposed. Top - ECl4 indicator. 
Bottom — MIT indicator. 
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plates caused a small (l.O mm) spot of inhibition, hut individual 
crystals did not. 
Spectrophotometric studies of the effect of the antibiotic on 
ECl^ were very informative. Cultures of ECl^ which were inoculated 
into double strength NB diluted in half with Ml? extract never grew 
to beyond an optical density of 0.009 C600 nm), whereas EClU inoculated 
into double strength NB diluted with MIT^ grew well after an initial 
205 min lag time (Fig. 13). 
MIT extract added to an equal volume of a turbid culture of EClii 
caused a gradual decrease in optical density from an initial optical 
density of 0.43 to a final optical density of 0.28 (Table 8). This 
decrease was not seen in cultures diluted with M1T4 extract, although 
they did make a slight drop nm 0.425 to 0.375) before starting to 
grow. 
Fig. 13. Effect of T. putida MIT antibiotic on 
the growth of E, carotovora ECl^. Acetone-ether extract 
of MlT and MIT^ diluted in half with double strength 
media and inoculated with 0.1^ (v/v) of indicator 
culture EClU. Points are average of three replicate 
flasks. 
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Table 8, Effect of putida Ml? antibiotic on an already turbid 
culture of E. carotovdra EClU.^ 
Time (min) 
Optical Density 
M17^ 
(600 nm) 
M17l+^ 
5 O.U27 0.1+25 
O.I127 0.1+25 
75 0.1+22 0.375 
105 0.1+22 0.1+35 
IhO 0.1+17 0.1+25 
200 0.1+12 0.1+1+5 
260 0.1+07 0.1+60 
320 0.392 0.1+70 
390 0.320 O.i+85 
0.372 0.500 
590 0.355 0.525 
lk03 0.277 0.570 
a - Equal volumes of acetone-ether extracts of MIT’and MIT^ vere mixed 
with indicator carotovora ECl4, 
b - Average of two flasks. 
c - measurement from single flask. 
CHAPTER V 
DISCUSSION 
Pseudomonas putIda MIT is typical for its species for most bio¬ 
chemical characteristics as well as for its morphology and status as a 
non-pathogen. The inhibition of other microorganisms has also been 
reported as a trait in the species (ll, 22), but does not seem to be 
true to the same extent for all strains. This is evidenced by the pro¬ 
duction of turbid inhibition zones on ECII+ indicator when P, putida 
ACT9T and AC8II were used as test strains. Ml? often causes a similar 
type of turbid zone around the clear zone seen with ECl4 indicator, and 
it is possible that two separate compounds are being produced, 
Hopwood (29) reported that plasmids may be involved in the 
production of antibiotics, especially since catabolic pathways are 
plasmid determined in many pseudomonads. The genetic determination of 
antibiotic production in MIT has not been positively established. 
However, no plasmid has been isolated from this strain (Patrick D, 
Colyer, personal communication) indicating that the antibiotic is 
probably coded for by the chromosome. 
Production of the antibiotic in solid media was strongly influenced 
by the pH of the medium and the temperature at which the petri plates 
were incubated. The type of medium used was also very important, and 
amendment of media with casamino acids was a fairly consistant promotor 
of antibiotic production. No variation of media type, pH, temperature. 
T9 
8o 
or length and conditions of incubation allowed for antibiotic 
production in liquid culture in quantities substantial enough to cause 
unmodified culture supernatant to display antibiotic activity. 
Induction of antibiotic production by ultraviolet irradiation or 
mitomycin C treatment was shown to be ineffective. 
The antibiotic was eventually obtained in liquid form by 
extraction of solid media on which Ml? had been grown using the 
technique which was effective for the isolation of the antibiotic 
pyrrolnitrin fromP. flUorescens (30). P. fluoresCens is the species 
most closely related to putida (^8). Since the isolation technique 
effective for pyrrolnitrin was also effective for the £. putida MIT 
antibiotic, the possibility that these two antibiotics were one and the 
same could not be discounted. The original pyrrolnitrin producing 
species,T. pyrroCinia, was obtained from the American Type Culture 
Collection for comparative tests with MIT. pyrrocinia failed to 
inhibit ECl^i or itself and caused turbid zones on coli K-12 C600 
and MIT. The antibiotic produced by MIT caused clear zones of inhibi¬ 
tion on ECl^, K-12 C600 and on pyrrocinia, but did not inhibit 
itself. Since resistance to an antibiotic is usually concomitant with 
its production,T. pyrrocinia should not have been sensitive to the 
MIT antibiotic if the antibiotic were in fact pyrrolnitrin. 
The MIT antibiotic was' stable to extremes in heat and pH as well 
as retaining activity after prolonged storage. Dialysis of samples 
caused loss of antibiotic activity indicating that the antibiotic has 
a molecular weight of less than 8,000. Antibiotic samples tested 
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using the paper disc technique failed to show substantial inhibition of 
indicators, possibly due to adsorption of the antibiotic to the paper 
disc. 
The extracted antibiotic prevented dilute cultures of ECli+ from 
growing and caused decreases in turbidity of already turbid cultures. 
It is not known whether ECl4 cells removed from the presence of the 
antibiotic would be able to recover or not. ' ' 
The biospectrum of the antibiotic included bacteria, fungi and 
yeast. The only genera of bacteria which had resistant strains were 
the pseudomonads, more than half of which lacked sensitivity. This 
group also contained the largest number of strains which were capable 
of some degree of inhibitory activity using ECl4 indicator. All of the 
fungi tested were sensitive to the antibiotic except Sclerotinia 
sclerotioriim, which seemed to grow more actively in the presence of 
MIT. Since the fungal inhibition tests were performed using ECl4 as 
the control, the possibility existed that inhibition was due to the 
genus of bacterium rather than being due to the MIT antibiotic, 
Fusarium oxysporum has been shown to be sensitive to MIT but was not 
inhibited by M1T4 (john:P, Damicone, personal communication), indicating 
that it is the antibiotic which is responsible for inhibition of fungi. 
As discussed in the Literature Review, Pseudomonas species, 
including P. putida, are already being tested as biological control 
agents. With its production of a wide-spectrum antibiotic, MIT has 
great potential in the area of disease control, but field tests must 
be performed to determine its effectiveness and to determine whether 
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the antibiotic is the key to successful results. 
The production by Ml? of such a wide-spectrum antibiotic may also 
be a limitation to its application as a method of controlling plant 
pathogens. As Vidaver ('65) has pointed out, "Antibiotic-resistant 
mutants of plant pathogens are undesirable enough, but agricultural 
use of antibiotics with medical applications might result in the 
selection or induction of antibiotic-resistant animal or human 
pathogens." It is of course not yet known what medical application 
the MIT antibiotic might have, but Vidaver’s observation should be 
kept in mind when Ml? or its antibiotic are used in the field. It may 
also be found that the value of the antibiotic as a biological control 
agent may have to be weighed against its possible usefulness in 
medicine. 
Regardless of any agricultural or medical use MIT might have, it 
is necessary to understand such an important characteristic as 
antibiotic production. Since putida is a ubiquitous saprophyte as 
well as already being the topic of field studies as a biological control 
agent, this need becomes especially apparent. Now that the antibiotic 
has been isolated, further tests can be \indertaken to determine 
mammalian and plant toxicity, longevity in soil, the frequency of 
resistance in previously sensitive microorganisms, and other as yet 
unknown characteristics. 
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